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WRAP-101

If the panels deflect within acceptable limits with the applied service loads the panels perform acceptably
from a structural code standpoint. The regulatory requirements for the panels are the structural code (the
1991 UBC).

Effect of Condition:

The effect of the leaking roof is that there has been leaking on the floor. The effect of the water within the
panels may have resulted in some delamination.

Evaluation  and  Conclusion:

The WRAP roof is operable and conforms to the safety basis. However, the possible presence of water
within the panels is a structural concern. These panels are a structural composite consisting of the top
metal panel, the foam core, and the bottom metal panel working together. The metal panels themselves
are very thin (24 gauge, or .0239 in. thick). If any one (or all three), of these elements were to be loaded
separately, they could not resist the required load. The urethane foam between the panels acts as a link
between the upper and lower metal panels. For the case of load being applied vertically downward, the top
metal panel is in compression and the bottom metal panel is in tension. The urethane foam transfers shear
between the top and bottom panels. If the shear transfer between the panels does not occur, the composite
action, and thus strength, is greatly reduced.

The primary concern moving forward is separation, (or delamination), between the foam and the metal
panels as a result of water intrusion and adhesive degradation. If ice has formed inside the panels, it is
theorized that the ice has pushed outward against the top and bottom panels resulting in at least partial
delamination. The following graphic, Figure 6, demonstrates the structural mechanics of the partially
delaminated panel.

Translating this concern about the panels into a set rigorous conclusion of the panels either completely
conforming to code requirements or entirely failing is not straightforward. Per code, the panels are required
to resist seismic load, roof live load, wind loads, and snow loads. The ability of the panel to resist each load
type will be discussed on the subsequent pages.
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Seismic Load:

With a typical building the roof panels are connected together and then these panels are connected to
supporting members in a specified manner. The result is that the panels act together with each other as
well as the supporting structure to form what is referred to as a diaphragm. With a diaphragm, force is
transferred within the plane of the roof as well as transferred in and out of the plane of the roof. Thus, the
building is tied together with the roof diaphragm. For buildings with roof diaphragms, the diaphragm forms
the critical lateral force resisting element to support the structure during an earthquake.

The WRAP building is a pre -manufactured metal building. Thus, it has no roof diaphragm. Although the
panels are connected to supporting members, (the purlins), there is no direct connection between the roof
panels and the building's lateral force resisting elements, (the moment resisting frames or the rod braced
frames). Therefore, the panels need only transfer force into and out of the plane of the panel. Because the
seismic reaction is only a portion of the self weight of the panel, the seismic force that the panels must
transfer is much smaller than the roof live, wind or snow load.

Snow loads:

The code required snow load for the WRAP roof is 20 PSF. Based on tests, the panels have the capacity to
resist 58 PSF of snow load. About 15 in. of snow in depth equates to 20 PSF. Over the 25 year service life
of WRAP, the roof has received this load on several occasions. No unacceptable deflection of the roof
panels have been observed. The extent, if any, of delamintion within the panels is entirely unknown.
However, it can be reasoned that it is far more likely that if delamination were to exist within a panel that
only a portion of the panel would be effected. Because of the reserve capacity within the panel, A panel
could be partially delaminated and still not show any perceptible deflection and be able to resist the
imposed snow load safely. In order for the panel to fail in a sudden dangerous manor under snow load the
panel would have to have significant delamination throughout the panel width.

Wind Loads:
The code required wind load that is applied to the panels is about 40 PSF. The wind load is a uniform load.
Unlike snow loads, the wind load is applied both toward and away from the panel surface. Conceptually,
the issues of how the panel resists wind loads are similar to snow loads. There have been many high wind
events over the years that the WRAP roof panels have withstood. In order for the panel to fail under wind
load a panel would have to have.significant delamintion over the panel width.
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The code requires a uniform roof live load of 20 PSF or a concentrated roof live load of 300 lbs. The 300
lbs concentrated force accounts for a single worker. The primary component of current concern is the
ability of the roof panel to resist the weight of an individual. However, because it is a concern that there
are portions of the panels that are delaminated it is anticipated that the access of an individual on the
WRAP roof could cause a local unacceptably large deflection directly below the individual that would be
unsafe. Because the panels are 30' long and supported at 5' centers, and each 30' long panel segment is
attached to the adjacent up or down slope panel, a complete collapse of a panel resulting in an individual
falling through the roof structure is not anticipated. Throughout the service life of the WRAP facility the
roof has been intermittently accessed and no large concerning deflections were reported.

Recommendation:

This technical evaluation makes the following recommendations:

1. The WRAP roof can perform it's safety function, and may be utilized for its current mission, for
a period of five years in its current state even though partial delamination of the panels is
suspected. Because there is no nationally accepted structural design code for the foam filled
panels this conclusion is based on engineering judgement rather than structural analysis. This
judgement is based on the following factors:

1.1. The foam within the panels is at least at minimum 90% closed cell foam as apposed to an
open cell foam. Closed cell foam does not soak up water as open cell foam does. Thus, it
is anticipated that the majority of the water that is penetrating into the panels flows through
them and does not freeze resulting in delamination.

1.2. There is reserve capacity within the panel. The capacity of the panel is greater than code
required seismic, wind, snow, and roof live loads.

1.3. The panels have performed acceptably with no signs of unacceptable deflection over the
life of the structure, (1995 until present). It was observed in 1997 and 2018 that there was
water within the panels. Since then, the panels have withstood walking on them as well as
significant wind and snow load events.

1.4. If delamination were to be present it is anticipated that the panels are only partially
delaminated, and that a partially delaminated panel can, (with the exception of a
concentrated roof live load), safely carry the design uniform forced applied to it. Full panel
failure under wind or snow loads would be precipitated by observable deterioration which
should be noticed in the ongoing preventive maintenance process.
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2. No access should be made to the WRAP roof without fall protection or load spreading device
approved by engineering prior to use. It is believed that if delamination is present, only part of
the panel width is effected. Because the panels are 30' long, are supported on 5 centers, and
the ends of the panels are connected to one another, It is not anticipated that the weight of an
individual will result in the panel completely giving way, resulting in an individual falling through
the roof structure. A localized unacceptability large local deflection of the roof panel is
envisioned. This results in an unsafe walking surface.

3. Within 12 months from when this report is issued the WRAP structural design authority should
perform an inspection of the top surface of the WRAP roof. The purpose of this inspection is to
aid in the ability of the structural design authority to assess the magnitude of the possible panel
delamination. Additionally, it should be ascertained if flashing and calking around roof
penetrations and panel joints are the possible cause of leaking. It is understood that all
individuals must be in fall protection to perform this inspection. The roofing expert should be a
registered design professional, (generally an architect), who specializes in roof maintenance
and repair projects.

4. Currently the roof is inspected on a once every five year basis. Based on the results of the
initial inspection, this inspection frequency should be shortened to once a year if significant
areas of delamination observed. The design authority should perform the inspection. The
inspection should require roof top access. Each bay, (bay meaning each panel segment
between roof purlins), of the roof should inspected directly. the inspection should include the
calking and flashing between panel segments as well as the calking and flashing adjacent to all
roof penetrations.

5. The WRAP roof should be repaired or replaced at this as soon as practical and within 5 years
of this report. It is understood that it is planned to move the WRAP facility from it's current
stand-by mode into waste processing service in future years. It is anticipated that suspending
processing to perform significant roof repairs is a significant administrative concern. Although
the present roof is currently acceptable, it is not judged to able to last the required 25 years.
Several important issues associated with this roof repair or replacement should be considered:

5.1. The Request For Information, (RFI), process should be utilized to help develop a design
service agreement between the prime onsite contractor and the roof replacement or repair
design subcontractor. Because of the structural complexity of this roof system, a firm
specializing in re -roofing projects of this scale and magnitude should be chosen.

5.2. Several issues with respect to roof replacement or repair should be understood by all
concerned onsite prime contractor staff and be communicated to any potential design
sub -contractor:
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5.2.1 Because this is a nuclear facility with stringent administrative controls, roofing repair
or replacement work must be done from the outside, not the inside, to as great a
degree as possible. The process area in particular is a dense mechanical space that
cannot accommodate the necessary scaffolding to perform roofing work from below.

5.2.2. There is a potential for contamination on the underside of the roof panels in the
process area which may make removal of the inner panel more difficult.

5.2.3. Because of the significant magnitude and extent of the collateral equipment
suspended from the roof purlins, replacement of the roof purlins is not feasible.

5.2.4. If an option were chosen to repair the existing roof structure by attaching sheathing
materials on top of the existing roof, that newly placed sheathing should be structural
as well as create a weather barrier. The existing roof panels should not be counted
on to carry load. The newly placed panels should be supported directly by the
existing roof purlins.

5.2.5. The current structural roof framing system only accounts for the weight of the existing
foam filled panels. It does not account for the addition of a newly placed structural
sheathing system above the existing one. However, the original design does allow for
collateral load, (HVAC equipment, lighting, electrical trays, etc). By ascertaining the
actual applied collateral load to the roof framing system, there should be sufficient
reserve capacity for the structure to safely support a new sheathing system that is to
be placed above the current one.
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